Background: Software engineers can utilise a myriad of elicitation techniques to capture relevant informa-tion in order to specify requirements.
Introduction
Software requirements are often elicited by means of interviews [1, 2] . However, more elicitation techniques are likely to be necessary to gather the full range of requirements for most software systems. There are a variety of elicitation techniques that can be used. Some reviews account for tens of elicitation techniques [3] [4] [5] . Many of these techniques have been imported from fields like cognitive psychology, anthropology, sociology and linguistics [6] .
Elicitation techniques are of different kinds [7] , and they may therefore be more effective in some situations than in others. Each type of problem, development team or stakeholder group outlines a context that fits, to a greater or lesser degree, the conditions under which certain elicitation techniques get its highest performance. The contextual attributes describe such conditions. Contextual attributes characterise aspects of the environment in which the elicitation process takes place, such as characteristics of participants or problem. The values of the contextual attributes may or may not match the characteristics required by the elicitation techniques, determining whether or not they are suitable for use in a particular situation. For instance, if there is a set of stakeholders, group techniques fit better; People per Session is a contextual attribute. Such contextual attribute assesses whether exist groups or individuals and the matching between context conditions (number of stakeholders) and technique adequacy (appropriate for group conditions) allows to choose the most promising elicitation technique. If there are different points of view among stakeholders, techniques that facilitate convergence will be more appropriate; Consensus among informants is the attribute that describes whether in the context exist agreement or not across stakeholders. Again matching among context conditions and contextual attributes identifies appropriate techniques. If stakeholders have difficulty expressing their thinking, structured techniques will perform better, and the contextual attribute Articulability allows to identify such context condition. If the elicitor has low experience, simpler techniques may be more suitable, since contextual attributes such as Elicitation Experience or Experience with Elicitation Techniques allow to match techniques suitable for the condition elicitor's low experience. If the problem domain is complex, cognitive techniques may work while others do not, and so on. In other words, some contextual attributes of the project may influence the behaviour of elicitation techniques, and thus their effectiveness [8] . So, it is critical to understand which values of contextual attributes get the best of a technique. For example, the open interview will perform well for gathering information in the form of declarative knowledge. However, eliciting procedural knowledge using open interview will get poorer results that using protocol analysis, since this last technique was envisaged to elicit such type of knowledge [9] .
The influence of the context on the effectiveness of the elicitation techniques has been repeatedly discussed in the requirements literature [8, [10] [11] [12] [13] [14] . We call effectiveness a measure of the performance of techniques in capturing more and better information (per elicitation session). For example, if in a given situation the technique questionnaire gathers more requirements unambiguous, complete and verifiable than the technique open interview, then questionnaire is more effective than open interview for the specific conditions of such situation, although in other situation (with other conditions) open interview will be more effective than questionnaire. The claims about with regard to which technique is better suited to a particular context often rely on the experience and knowledge acquired by each researcher. Few claims have been empirically evaluated by means of experiments comparing the behaviour of elicitation techniques in different contexts [15] .
Which contextual attributes may influence the effectiveness of elicitation techniques is a need on two grounds: (1) frameworks and procedures for selecting the most effective elicitation technique for an elicitation session, (2) knowledge on the contextual attributes, irrespective of whether or not they have an influence, provides directions for empirical research. This first ground was the aim of our previous research [16] , which proposed a technique selection framework based on the most promising contextual attributes from both an operational viewpoint and in regard to consensus in the requirements engineering community.
In the research reported here, we address the second of the grounds mentioned above, that is, we conduct a literature review in order to empirically confirm the influence of contextual attributes on the effectiveness of elicitation techniques. We have reviewed contextual attributes impacting the effectiveness of elicitation techniques that have been studied empirically and proposed in theoretical research.
In short, our research identifies all contextual attributes discussed in the literature and checks which theoretical and empirical studies have addressed such contextual attributes. We aim to understand how well aligned theory and empiricism are in requirements elicitation and to identify the beliefs with respect to the effectiveness of elicitation techniques that have not yet been empirically evaluated. To do so, we use the systematic mapping study method.
The results suggest that there are 27 contextual attributes addressed in 26 theoretical works and 28 empirical studies. Almost half of the contextual attributes proposed theoretically, as having an influence on elicitation technique effectiveness, still require empirical research to verify whether or not they have a bearing. There was strong confirmation of the influence of nine out of 27 contextual attributes. So, more empirical research needs to be undertaken to provide practitioners with guidelines based on empirical evidence about which elicitation technique select.
There are very few empirical studies per technique and attribute. Therefore, we have not been able to focus on individual elicitation techniques, as there is not enough empirical evidence to perform a matching of attributes to techniques. We have focused on attributes having an individual impact on any technique since at such level there is barely information enough.
In the rest of this paper, Section 2 discusses the background of this research. Section 3 describes the design of the mapping study. Section 4 reports the primary studies found. Section 5 uses the extracted data to answer the research questions. Section 6 discusses the findings of our work. The limitations of the study are described in Section 7. Finally, Section 8 outlines the conclusions.
Related work
There are no previous systematic mapping studies analysing theoretical and empirical works on contextual attributes influencing requirements elicitation. The systematic review by Dieste and Juristo [15] is the only review that reference the attributes addressed in empirical studies. That paper takes into consideration only the empirical studies for the purpose of evidence aggregation. However, contextual attributes are explicitly mentioned, although possibly not with this name, in several proposals for selecting requirements elicitation techniques. These proposals are generally based on comparing technique characteristics and context characteristics.
Maiden and Rugg [17] presented a framework for selecting elicitation techniques which matches 12 techniques with six facts or attributes, such as purpose of requirements, internal filtering of knowledge, knowledge types, observable phenomena, acquisition context and method interdependencies.
Hickey and Davis [18] built two ontologies for matching purposes: one characterises the requirements elicitation techniques and the other characterises the context in which this activity takes place. The first ontology defines ten dimensions: physical colocation, temporal co-location, record-keeping, analyst role, convergence/divergence, anonymity, stakeholder count, tool based, product/human focus and direct/indirect. The second defines about twenty characteristics of the problem domain, solution domain, stakeholders, solution builders and bridge-builders.
Batista and Carvalho [19] proposed a set of 11 parameters or attributes to characterise the contexts for which the requirements elicitation techniques are best suited and reported matches for three techniques. The proposed parameters attributes are: stakeholder role, application categories, organizational environment, requirements source, techniques applicable in different phases, developer's technique training/knowledge level, required developer skills, cost of the technique, purpose of the gathered information, quantity of gathered information, and user participation level.
We conducted an opportunistic search of attributes for the purpose of instantiating the proposed elicitation technique selection framework [16] . The attributes proposed in that work had to meet the requirements of theoretical justifiability (possibility of finding a justification for the attribute influencing elicitation technique effectiveness), instrumentability (possibility of assigning a value to the attribute during a development project), and assessability (possibility of establishing ratings for the different attribute values). We also proposed new attributes that, we believe, influence elicitation technique selection.
Besides from the above proposals, several papers in the requirements field state contextual attributes and surmise what influence they have on elicitation technique effectiveness. For example, a characteristic like ability to improve communication, as a property of some technique, does not provide any clear indication as to the conditions under which it can be used. On the other hand, the contextual attribute problems of communication among participants [20] can be used to decide which techniques will be best: interview in the case of fluid communication or protocol analysis if the verbalization of tacit knowledge is troublesome.
The stock of contextual attributes used in the above papers, as well as their effect on elicitation techniques is bereft of any empirical groundwork and obeys either the expert opinion of their authors or is based on general literature (e.g., cognitive psychology) or previous research, most of which has no empirical foundation either and can again be regarded as expert opinion.
The evidence gathered from expert opinion based on theory is at the bottom, whereas empirical studies are at the top of evidence hierarchies [21] . It is worthwhile, therefore, exploring which contextual attributes have been proposed in theoretical studies and the extent to which their influence on elicitation techniques has been confirmed empirically.
Mapping study design

Research questions
We aim to evaluate the match between theoretical and empirical research with regard to the contextual attributes that play a role in the selection of techniques for an elicitation session. Our research questions are:
RQ1: What contextual attributes have been proposed by theoretical research and/or empirically evaluated by empirical research as influencing the effectiveness of elicitation techniques?
RQ2: Which theoretically proposed attributes have been empirically studied?
RQ3: Which theoretically proposed attributes have been empirically confirmed as having an influence on the effectiveness of elicitation techniques?
RQ4: Have attributes affecting effectiveness of elicitation techniques been sufficiently empirically researched?
We have selected systematic mapping as the method for answering the research questions. Systematic mapping studies (SMSs) are an alternative to systematic literature reviews (SLRs) applicable if there is not enough empirical evidence or the topic is too broad for a systematic review to be feasible. The granularity level of a mapping study is coarser, and it aims to identify research gaps and clusters of evidence in order to direct future research [22] . A SLR is a means of identifying, evaluating and interpreting all available empirical research relevant to a particular question focusing on quantitative and empirical studies, while SMS intend to 'map out' the research undertaken rather than to answer a detailed research question. A systematic mapping study structures the type of research reports and results that have been published by categorizing them. It often gives a visual summary, the map, of its results [23] .
From the findings of the review by Dieste and Juristo [15] , we can presume that it will be difficult to corroborate the influence of contextual attributes for each elicitation technique because there are not enough replications of empirical studies. Only a few empirical works study the same attribute for the same technique. Therefore the appropriate research method here is SMS rather than SLR. Our SMS focuses on attributes, even if studied for different elicitation techniques, since there is not enough evidence to focus our research on attributes impacting a specific technique.
Search strategy
The information pursuit was based on a search of research papers and books related to requirements elicitation techniques. We searched three bibliographic databases with an unspecified start date and an end date of December 2014 (inclusive): Scopus, IEEE Xplore and ACM DL.
The searches accounted for four aspects (linked by AND):
• focus of our research (framework, comparison, study, empirical, experiment, case study, survey), • research area (requirements, knowledge), • type of activity (elicitation, acquisition, gathering) and • type of instrumentation (techniques, methods).
• The strings used to search the specified databases were: Apart from these formal searches, we applied backward snowballing (i.e. searching based on the references listed in the retrieved papers) and opportunistic searches of grey literature.
Inclusion/exclusion criteria
To identify relevant papers, we took into account the following aspects considered as inclusion criteria:
• Although the focus is on SE elicitation techniques, we included studies on other areas where elicitation techniques are applied (like economics or marketing). This, since we aim to study the performance of the technique itself regardless of the use of tools in the application of a technique. Additionally, the techniques may be individual or group, that is, we included techniques used to elicit information from both one and more than one stakeholder. • The focus is on attributes that are related to the elicitation process. Some of the attributes proposed in the literature may influence other requirements activities but not elicitation. For example, the requirements volatility and number of requirements attributes cannot be established until after the requirements have been captured, and therefore their influence is confined to post-elicitation activities, such as requirements specification and management [24] . • Empirical studies may measure the effectiveness of elicitation techniques differently [15] . Such diverse measurements of technique adequacy may have a bearing on the aggregation of the results of the experiments but is not critical for deciding whether an attribute is capable of differentiating techniques, that is, irrespective of how the effectiveness of the elicitation techniques is measured, a difference in the results of applying the techniques under the attribute conditions is sufficient for it to be considered to have an influence.
We considered exclusion criteria as follows:
• Studies on requirements elicitation support tools, like software for automating elicitation techniques, were not considered because they may endow the evaluated techniques with differentiating features that bias their behaviour, and therefore their effectiveness. The problem with using tools is that the comparison would be unfair: Some techniques do have tools that implement them (even some techniques have several tools), others do not. Then the research would not be any more about which technique intrinsically fits better certain circumstances but about efficiency of the techniques due to the tools that implement it not due to the suitability to the context. • Studies on elicitation technique characterization, like [3] , have generally been excluded as they consider aspects that are intrinsic to, or descriptive or prescriptive of the nature of tech- roadmaps. The main information that we wanted to retrieve from these proposals are:
• Type of proposal • Frameworks, which group papers dealing with models, methods, approaches and frameworks addressing a wide range of general aspects of the elicitation process.
• Taxonomies, which include typologies, ontologies and taxonomies per se, following a faceted classification.
• Guidelines, which account for comparisons of techniques and guidelines for use.
• Excerpts specifying the argument of authors with respect to the attribute influencing elicitation technique effectiveness.
In the case of empirical studies, our interest focused on the type of method used (experiment, case study, survey, etc.) and the results obtained.
Some papers include both theoretical and empirical studies. In these cases, the studies are catalogued according to the contribution they make to our research. For example, Fowlkes et al. [31] report an empirical study on a single technique: event-based elicitation. As discussed above, this mapping study does not include studies of single techniques. On the other hand, the authors state that some elicitation techniques depend on contextual attributes such as domain knowledge and process time. Thus, for the purposes of our research, we consider this to be a theory paper, as we use the theoretical section of the above paper as a source of information.
Additionally, we had to establish the contextual attribute or attributes that pinpoint the effectiveness of the elicitation techniques, as well as their possible values.
Study execution
We applied two consecutive filters to each database search in order to select the primary studies. First, we screened the title and abstract of each identified paper (F1: First Filter in Fig. 2 ) by means of which we were able to reject most of the articles and identify candidates. Later, we scan the full text of the candidate papers to rule out some papers and leave the selected primary studies (F2: Second Filter in Fig. 2 ).
As shown in Fig. 2 , Scopus search and backward snowballing were the most productive screenings, as most of the studies of interest were identified there. We selected 28 papers out of a total of 2340 from Scopus. Through backward snowballing, we identified 18 papers of interest out of a total of 114 publications. The other searching engines did not identify a sizeable number of new publications despite the large volume of papers screened: 7 out of 428 in IEEEXplore and 1 out of 261 in ACM DL. Generally, the selected studies account for books, journal publications, conference papers, dissertations, etc.
Out of the 54 selected primary studies, 26 are theoretical and 28 are empirical. Table 1 details the studies, identifying each publication with a code and its bibliographic reference. Both theoretical niques but do not consider aspects of the context in which the techniques can be applied. Such type of works refer to the class of technique, such as, for example, it is "administered orally or in writing" instead of aspects referred to contextual attributes like "whether or not stakeholders are online" [25] . It is the aspects of context, availability or location, that may vary from one elicitation context to another and even between elicitation sessions, whereas the intrinsic characteristics of the techniques are unchanged (mode of questionnaire administration). Even though it is the intrinsic features that underpin the merits and adequacies of technique, they, by themselves, are unable to differentiate whether techniques are adequate for one context or another. A technique will be adequate for a scenario when its intrinsic characteristics fit in with the contextual circumstances of an elicitation session.
• Not all the empirical studies on effectiveness provide useful information for this research. Although the results showed that more information of better quality is gathered from groups, this relative effectiveness may be similar across all elicitation techniques, meaning that the attribute referred to the number of informants would have no bearing on technique selection, for the case of techniques that can be applied to both individual and group stakeholders.
• Note that a study of the effectiveness of several techniques is out of the scope of research unless it tests a specific contextual attribute [27] [28] [29] [30] . For example, Jones, Miles and Read [27] evaluated three knowledge acquisition techniques in order to build a prototype expert system. However, they did not define any contextual variable to study the effect of context on the treatment. It is precisely such context variable that provides the key decision-making information on which technique is likely to be more effective in a particular elicitation session.
Data extraction strategy
Once we identified the primary studies, we proceed to gathering relevant information about the contextual attributes. We defined the data extraction form shown in Fig. 1 . Important information is whether the studies are theoretical or empirical.
Theoretical papers discuss the authors' proposals without empirical validation. Most often they are works about models or proposals and empirical studies are distributed equally across the search period. In other words, neither paper type seems to takes precedence over the other.
The publications are sourced from different areas: knowledge engineering (20: 8 theoretical, 12 empirical), software engineering (27: 16 theoretical, 11 empirical), information systems (5: 2 theoretical, 3 empirical), knowledge management (1 empirical) and product design (1 empirical).
Some publications represent a group of studies or proposals related (for example, Davis and Hickey [18] and Burton et al. [64] ).
The extracted data are compiled in a table shown in Appendix.
Results
We aim to identify contextual attributes proposed to influence the effectiveness of the elicitation techniques, as well as to study the extent to which the influence of such attributes has been empirically confirmed. So, we first classified the contextual attributes proposed in theoretical works and studied in empirical studies (Section 5.1). Then we matched the theoretically defined attributes with empirically evaluated attributes (Section 5.2). Finally, we studied which attributes have been empirically confirmed to influence elicitation technique effectiveness (Section 5.3).
Attributes proposed in the literature
This section addresses the response to research question RQ1: What contextual attributes have been proposed by theoretical research and/or empirically evaluated by empirical research as influencing the effectiveness of elicitation techniques?
We screened 54 primary studies and identified 127 contextual attributes that had been proposed or evaluated as having an influence (see Appendix). Some attributes were proposed in more than one paper. For example, articles T03, T26, T20, T24, T17, E06 and E15 propose Knowledge Types as impacting attribute. We grouped other attributes that were called differently but shared definition and were of the same type within the same category. Some degree of generalization was necessary to make the matching possible. For example, we clustered under Domain Familiarity (on the grounds of the similarity in their definition) Domain Knowledge and Experience in the Problem Domain (T19, T22) and Application Type (E08, T06). This reduction is based on the definitions of the attributes not on their names. For example, the generic attribute Problem Domain Categories identified in T18 looked like it might be associated with the Domain Types attribute. However, when we reviewed Byrd et al.'s paper, we found that the Problem Domain Categories referred to the classes of contextual information in the problem domain and not to specific application domains. Therefore, it was associated in the end with the Information Types attribute. We grouped the 127 attributes proposed in the literature as 27 contextual attributes. The match between the attributes proposed in the primary studies and the 27 attributes that we identified can be seen in Appendix.
The 27 attributes are very diverse, but they are relatively easy to classify by their type or source for the purposes of categorization. Table 2 shows this classification and attribute clustering. We identified five factors or contextual attribute types [79] :
Elicitor, member of the development team that elicits key information for requirements specification. Informant, person or persons from whom information is gathered. Problem domain, problem aspects that the software system under development is to address. Solution domain, aspects of software product being developed to address the problem. Elicitation process, aspects related to the management of the project as part of which the elicitation is conducted. 
Matching between attributes proposed in theory and evaluated in empirical studies
This section addresses the response to research question RQ2: Which theoretically proposed attributes have been empirically studied?
Researchers used different metrics to represent elicitation techniques effectiveness (for example, number of requirements, quality of requirements, productivity, etc.). Note that, irrespective of how effectiveness is represented, we aim to find out whether or not an attribute influences such elicitation technique effectiveness. This calls for some generalization of the elicitation technique effectiveness or performance construct.
The five aspects, according which we classified contextual attributes, have not received the same attention either theoretically or empirically. As shown in Fig. 3 , Problem Domain is the aspect that has awoken most interest, and Solution Domain is the least researched aspect. Note that the focuses of theoretical and empirical papers match closely and are highly correlated (r=0.97), that is, the aspects that are most researched in theory are also the empirically most studied issues. Therefore, theoretical and empirical interests in the contextual attributes that influence elicitation technique effectiveness are aligned at aspect levels.
We also found that experiments are the most common method (75%) for empirically studying almost all aspects (with the sole exception of solution domain, where the number of case studies is greater). Note that the totals for both (theoretical and empirical) work types do not add up to the vertical sum because some publications deal with more than on attribute type. Methodologies   Theoretical Works   T19   T19, T06, T05   T19, T22, T25, T06   T05, T15, T06, T07   T03, T14, T06   T07, T14, T05 T06(2), Til T19, T16, T15(2) T25 T19(2), T12(3), T13, Til, T18, T08, T03(3), T04, T26, T18, T20, T24, T21, Til, T17   T23, T07   T19, T06, T25, T16, Til, T17, T01,   T19   T17, T10, T07   T17, T10, T06   T10, T06, T15(2), T14(3)   T10   T21, T19   T03, T16   T23   T15   T23   T03, T14( 
--
With respect to the individual attributes, Table 3 shows the number of theoretical and empirical works covering each of the 27 generic attributes. There exist three scenarios: attributes are studied in both theoretical and empirical works (white cells); attributes are studied only in theoretical papers (light grey cells), and attributes are investigated only in empirical studies (dark grey cells). There is a moderate positive correlation between the number of theoretical and empirical papers per attribute (r= 0.5). Fig. 4 shows the attribute distribution by theoretical/empirical coverage. Both theoretical and empirical works were found for 16 out of the 27 generic attributes (59.3%). There are more often more theoretical papers proposing than empirical papers studying an attribute (11 out of 16 cases). The attention that some attributes received differs by study type. For example, Information Types is the most researched attribute, appearing in nine theoretical proposals and six empirical studies. On the other hand, Task Types is investigated in only two empirical studies and one theoretical work.
10 out of the 27 generic attributes (37%) are proposed in theoretical works but have not yet been studied empirically. Uncertainty and Process Constraints attributes are a case in point; they appear in seven theoretical works but are not subject of any empirical study. Finally, only one attribute, Communication Type, appeared in empirical studies but has not been addressed in theoretical works (3.7%).
Match between theoretical and empirical results
This section addresses the response to research question RQ3: Which theoretically proposed attributes have been empirically confirmed as having an influence on the effectiveness of elicitation techniques?
In order to learn whether the influence of an attributes on the effectiveness of elicitation techniques is confirmed, we studied the match between theoretical proposals and empirical results for each contextual attribute. In other words, we compared the proposals of the theoretical literature against the results of empirical studies that investigate the same attribute than the proposals.
For the purposes of theoretical/empirical verification, we need to decide whether or not an empirical study provides support for the influence of a contextual attribute. To do so, we classified the conclusions of the empirical studies into two types:
• in favour of the influence (FI) of an attribute, that is, evidence is found that the attribute influences the effectiveness of elicitation techniques, or • against the influence (AI), that is, no evidence is found that an attributes have an influence.
For example, looking at the Domain Familiarity attribute, E08 were able to reject the hypothesis that "There is no difference between analysts with and without domain knowledge in terms of the amount of specific questions in an interview" because they found the difference to be a statistically significant (p= 0.01). In In another case, E17 compared the Information Types elicited using different types of sorting techniques and did not find a statistically significant difference between techniques. Therefore, the influence of the Information Types attribute is not confirmed. Consequently, this empirical study is considered to provide a result that is against the influence of the Information Types attribute on the effectiveness of sorting techniques. Table 4 shows which empirical studies are in favour of or against the influence of a particular contextual attribute.
Predictably, empirical studies are not necessarily consistent with each other: some studies may be in favour of and others against the influence of one and the same attribute (e.g., E7 and E9 for Personal Aspects). On this ground, we need to establish some sort of aggregation procedure in order to determine whether or not each attribute really influences the effectiveness of elicitation techniques. The primary studies do not meet the requirements for quantitative aggregation (e.g., a meta-analysis). Therefore, we have no choice but to use less sophisticated procedures such as vote counting, which has been used for synthesis in the past [15] . Vote counting has the drawback of overestimating the negative influence of studies with low statistical power, which are very common in software engineering [80] . However, this drawback may be an advantage in this research, as the conclusions reached through vote counting tend to be conservative. Table 5 illustrates the synthesis procedure that we use. We consider that there is strong confirmation of the influence of an attribute when there are at least two more results of empirical studies that are in favour of than against the influence. Likewise, we consider that there is weak confirmation of the influence of an attribute when there is one more result in favour of than against the influence. Finally, we consider that the influence of an attribute is not confirmed when there is an equal or greater number of results against than in favour of the influence.
Although stated in quantitative terms in Table 5 , the synthesis procedure we followed actually emulates the reasoning of a human decision maker based on the information provided by primary studies.
For example, there are authors who suggest in their theoretical proposals that Elicitor Domain Familiarity is an influential attribute. For example,
• T19 state that "This attribute can be hypothesised to have a potential impact on the process of knowledge acquisition"; • T22 who suggest that "Interviews may require extensive domain knowledge" in their comparison of techniques; • T25 claim that "Some technique allows analysts to elicit requirements in scenarios where they do not have business knowledge"; and • T06 consider this attribute in their ontology, as "The match between the characteristics of the bridge-builders and the elicitation techniques used is essential".
On the other hand, we have empirical studies investigating this attribute:
• Empirical studies by E08 found significant confirmation that:
• "Analysts who had domain knowledge posed more specific questions" • "Domain knowledge supports the communication between the analyst and the stakeholders" • "Domain knowledge can positively as well as negatively affect the formation of the analyst's deep understanding of the customer's needs". • E10 also found evidence that "The mix of domain familiarities in a team affects the quality of the ideas generated by the team". This favourable empirical evidence strongly confirmed the influence of the Elicitor Domain Familiarity on the effectiveness of elicitation techniques (IC+).
We applied such synthesis procedure to all attributes. Figs. 5-9 below show the match between theory and experience that we get after synthesizing empirical results. The attributes shaded light grey represent attributes that are well accounted for in empirical studies, and attributes filled pattern represent attributes that require further empirical research.
As Fig. 5 shows, the influence of two out of the four Elicitor attributes was confirmed: Cognitive Aspects and Domain Familiarity. For another attribute, Information Gathering Experience, the influence was not confirmed. Finally, no empirical studies were found for the Elicitation Technique Training attribute.
With respect to informants, six attributes have been proposed. As shown in Fig. 6 , there is at least one empirical study for all attributes, and they were all confirmed to have an influence. Evidence for three was weak: Number of Informants, Stakeholder Participation and Articulacy. The influence of the other three -Geographical Aspects, Information Source and Personal Aspects -was strongly confirmed.
Problem Domain aspect is composed of six attributes, as shown in Fig. 7 . In this case, its influence was strongly confirmed for three: Information Types, Task Types and Complexity. We found evidence against the influence of Domain Types, and no empirical studies were found for the other two attributes: Uncertainty and Problem Size. More empirical research is required for the last three attributes.
Solution Domain is composed of three attributes. As shown in Fig. 8 , only one was confirmed as having an influence: Product Types. No empirical studies were found for the other two at- tributes: Criticality and Problem-Solving Methods. In other words, more empirical research is required for the last two attributes.
Finally, the Elicitation Process aspect has eight attributes. Only three were confirmed as having an influence: Type of Elicitation Project, Process Constraints and Communication Type. Note that Communication Type was the only attribute that did not appear in theoretical proposals. However, it was, as shown in Fig. 9 , the em pirically most studied attribute of this aspect. No related empirical studies were found for the other five attributes, which means that this is the elicitation aspect in greatest need of empirical research.
Summarizing, and as shown in Briefly, about half of the theoretically proposed attributes have been empirically confirmed as having an influence on the effective ness of requirements elicitation techniques.
Result for theoretical-empirical alignment
Finally, this section addresses the response to research question RQ4: Has this topic been sufficiently empirically researched?
The results are summarised in Table 6 which classifies the em pirical evidence in favour and against according to the type of em pirical method used (EX: experiments; CS: Case studies; SU: Sur veys).
Remember that, in some cases, there are more attributes than theoretical papers or more evidence than empirical studies because the respective papers proposed more than one version of the same attribute or gathered more than one piece of evidence with respect to its influence, respectively.
We can summarise the results with respect to their alignment between theory and empirics in Table 7 . The coverage between theory and empirical investigation is good for attributes that are strongly confirmed (√√) (good alignment) while weak confirma-√ tion ( ), no confirmation (×), or lack of empirical studies (!) mean that more empirical research is required (poor alignment).
Discussion of findings
With respect to the research of attributes that influence the effectiveness of elicitation techniques we can state that there is some level of coordination between empirical research and theoretical proposals. In other words, the empirical researchers tend to study (with one exception) attributes proposed by theoreticians (whether consciously or otherwise). We even found a moderate correlation between how much attention both theoretical proposals and empirical research pay to every contextual attribute, which is unchanging over time.
Note that this research did not set out to corroborate the influence with respect to each particular technique since there are Fig. 9 . Results for the elicitation process aspect. Table 7 Alignment between theoretical and empirical works. The results show that the influence of 15 out of 27 attributes was to some extent confirmed (55%), whereas we were unable to confirm the influence of two attributes (8%). So, the theoretical proposals were generally well founded. Only two theoretically proposed attributes have been empirically confirmed not to have an influence.
Note that the attribute values played a role in determining their influence. Attribute values were generally categorical. In some cases, they were nominal (non-hierarchical), and, in other cases, ordinal (values with an order, sequence or natural progression). Ordinal values might include a zero value for the attribute somehow representing that the attribute is non-existent (for example, no experience or no domain familiarity). The influence could be confirmed if there was an effectiveness difference between one or more techniques for different attribute values, irrespective of the direction of the effectiveness improvement. In other words, some techniques might perform better for zero attribute values, whereas others might yield better results for values other than zero. Alternatively, technique effectiveness for some attributes could upgrade or degrade the higher the respective values are in the hierarchy (or degrade or upgrade as the attribute values decrease).
We concluded that the amount of empirical research addressing which attributes influence the effectiveness of elicitation techniques is insufficient:
• Of the theoretically proposed attributes, 37% have not attracted any empirical research whatsoever.
• Of the proposed attributes, 26% were addressed only by one empirical study.
• Further empirical research is required for two-thirds (67%) of the attributes.
Limitations of the study
The mapping study that we have carried out aims to identify as much available information as possible in order to answer the research questions. However, even though we tried to cover as many publications as possible considering a broad search string, we are likely to have missed some, primarily empirical, works. There are several publications or scientific events that deal with empirical software engineering issues (e.g., Workshop on Requirements Engineering -WER -and Workshop Experimental Software Engineering Latin American Workshop -ESELAW -), which are not systematically indexed in the major databases taken into account in this study: Scopus, IEEE Xplore and ACM DL. To address this issue, we reviewed some of these scientific events manually. We also reviewed books and PhD theses in order to identify more primary studies.
A key aspect that may influence the results is related to the reduction and simplification of the contextual attributes defined in the primary studies. As specified in Section 5.1, it was necessary to clean up the 127 attributes proposed in the literature by matching equivalent attributes. The result was a reduction of the number of attributes from 127 to 27. The 27 attributes of the study represent attributes that are very similar but with slight different names. There exist the threat that we might have misunderstood or made mistakes in the linkage we have done. However, we are quite confident in the coupling since names where mostly clear and meaningful and differences were mainly synonym terms. Besides decisions were discussed and agreed by the three authors, but we cannot rule out decision making being biased, though we expect not to.
Other threat of our study is that we obtain evidence at type of attribute level, rather than at attribute level as we would wish. Unfortunately very often there is only one study for every attribute so we can only get enough evidence if we generalize attributes: take into account evidence not for a specific attribute, but evidence from several studies of a type of attribute. Generalization of attributes to type of attributes is the strategy we have applied to overcome the small number of studies.
Another limitation of this study is the problem of associating a level of reliability with types of empirical methods. It is hard to determine how well empirically confirmed an attribute when empirical studies of different types yield contradictory results; for example, a survey with evidence in favour and an experiment with evidence against. Fortunately, whenever there was evidence against, the source was always an experiment (in fact, as Table 6 shows, there was no evidence against from case studies or surveys), and there were experiments in favour that we could use for comparison, and therefore there was never any question as to which decision to make.
Notice that to assess the reliability of each empirical study, a detailed analysis is required of how the method was applied in each case, of the philosophical stance adopted as empirical truth by the authors and, generally, of how validity threats are addressed. The evaluation of the quality of the empirical studies is beyond the scope of this research.
Likewise, the major decision with respect to the dictum for each attribute was whether or not the influence of the contextual attributes was confirmed. It is questionable whether a single piece of evidence in favour can confirm the influence of the respective attribute. Since our aim is to discover the alignment between what has been proposed theoretically and what has been studied empirically, it was more important to identify any attributes that did not have associated empirical studies or for which the evidence in favour did not outweigh evidence against.
Finally, remember that the shortage of empirical studies dealing with the same attribute and the same technique led us to abandon the idea of making a more fine-grained comparison of the influence at technique level.
Conclusion
This paper reports a systematic mapping study on the contextual attributes influencing the effectiveness of requirements elicitation techniques. In particular, this mapping reviewed the theoretical and empirical publications to determine how aligned theoretical papers proposing contextual attributes are with empirical studies using these attributes.
The results suggest that there is some general alignment between theory and experience, which is in the slipstream of the theory. There are empirical studies dealing with more than half of the attributes proposed in theoretical papers as having an influence on elicitation techniques. Generally, the empirical papers tend to study attributes proposed by theoreticians, and only one attribute was studied in several empirical papers without being mentioned in theoretical proposals.
Further analysis of the empirical studies reveals that the confirmation of contextual attributes is poorly aligned, as the influence of contextual attributes was strongly confirmed only in one-third of the cases. This does not mean that the others do not influence elicitation but suggests that there may not have been enough or adequate empirical validations of their influence. Note that, due to the shortage of empirical studies, we were unable to study alignment at the technique-attribute level, even though it was an objective of interest, as this would have led to non-significant results.
Finally, we can say that even more empirical research is necessary for many of the attributes and, in this respect, an important contribution of this research is to provide researchers with guidance as to the future empirical studies in elicitation that should be conducted primarily in order to build an evidence-based body of knowledge on the elicitation process.
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